Abstract. Interval oscillation criteria are established for second order half-linear differential equations with damping that are different from most known ones in the sense that they are based only on a sequence of subintervals of [t0, ∞), rather than on the whole half-line. The results extend the integral averaging technique and include earlier results.
Introduction
This paper is concerned with the second order half-linear differential equation with damping (r(t)ϕ α (x (t))) + p(t)ϕ α (x (t)) + q(t)f (x(t)) = 0, t ≥ t 0 ,
where r ∈ C 1 (I, R + ), p, q ∈ C(I, R), ϕ α (u) is a real-valued function defined by ϕ α (u) = |u| α−2 u, α > 1 a fixed real number. f ∈ C 1 (R, R) with xf (x) > 0 whenever x = 0, and
α−2 α−1 ≥ ε > 0 for x = 0, where I = [t 0 , ∞) and R + = (0, ∞). By a solution of Eq.(1.1) we mean a function x(t) ∈ C 1 ([T x , ∞), R) for some T x ≥ t 0 , which has the property that r(t)ϕ α (x (t)) ∈ C 1 ([T x , ∞), R) and satisfies Eq.(1.1) on [T x , ∞). We restrict our attention only to the nontrivial solution x(t) of Eq.(1.1), i.e., to the solution x(t) such that sup t>t0 {|x(t)|} > 0. A nontrivial solution of Eq.(1.1) is called oscillatory if it has arbitrary large zeros, otherwise it is called nonoscillatory. Equation (1.1) is oscillatory if all its solutions are oscillatory. Equation (1.1) can be considered as a natural generalization of the linear equation
and nonlinear equation with damping
and more general nonlinear equation with damping
and half-linear differential equation [16] and Li and Agarwal [6] , respectively. Therefore, it is natural to ask if it is possible to extend Kong's theorem to Eq.(1.5). An affirmative answer to this problem was given for the first time by Li [7] who obtained interval criteria for oscillation of Eq.(1.5). However, the results cannot be applied to damped half-linear differential equation (1.1).
Motivated by the ideas of Kong [5] and Wong [14] , in this paper, we obtain several interval criteria for oscillation of Eq.(1.1), that is, criteria given by the behavior of Eq.(1.1) ( or r, p, q and f ) only on a sequence of subintervals of [t 0 , ∞). Our results improve and extend the results of Kong [5] , Li [7] , and Zhang [16] , and can be applied to extreme cases such as ∞ t0 q(s) ds = −∞. Our methodology is somewhat different from that of previous authors. We believe that our approach is simpler and also provides a more unified account of study of Kamenev-type oscillation theorems [3] . In particular, several examples that dwell upon the sharp conditions of our results are also included. We will also show that we do not impose conditions on the sign of the functions p and q.
Main Results
In the sequel, we say that a function H(t, s) belongs to a function class H, denoted by
Further, H has continuous partial derivatives ∂H/∂t and ∂H/∂s on D such that, for
Note that (t − s) n for n > 1; ln t/s; and a(t − s) with a ∈ C 1 (0, ∞), a (t) > 0 for t > 0 and a(0) = 0 belong to function class H. Particularly, if H(t, s) = H(t − s) ∈ H, then h 1 (t, s) = h 2 (t, s) =: h(t − s). We denote H ∈ H 0 for all the functions H(t − s) ∈ H.
Let k ∈ C 1 (I, R + ), we take operators A k T (·, t) and B k T (·, t) which are defined in [14] , in term of H and k as, for φ ∈ C(I, R)
where φ ∈ C 1 (I, R), h 1 = h 1 (s, t) and h 2 = h 2 (t, s). To simplify notations, we define, for an arbitrary given function ρ ∈ C 1 (I,
Theorem 2.1. Suppose that there exist functions H ∈ H and ρ ∈ C 1 (I, R + ). If for each T ≥ t 0 , there exist a, b and c such that T ≤ a < c < b and Proof. Suppose to the contrary that there exists a solution x(t) of Eq.(1.1) which is not oscillatory. In view of the assumption that xf (x) > 0 whenever x = 0, we may suppose that x(t) > 0 for t ≥ t 0 . Define
By Eq.(1.1), we can find that w(t) satisfies the following differential inequality
where 1/α + 1/β = 1. For each T ≥ t 0 , there exist a, b and c such that T ≤ a < c < b.
Applying the operator A ρ t ( ·, c) to (2.6) and using (2.3), we have
Using Young's inequality
On the other hand, similar to that of the proof of (2.9), we obtain
Then, (2.9) and (2.10) imply the desired contradiction. Proof. For any T ≥ t 0 , let a = T , in (2.11), we choose T = a, then there exists c > a
In (2.12), let T = c, then there exists b > c such that
Combining (2.13) and (2.14), we obtain (2.5), Thus, the conclusion follows from Theorem 2.1.
Remark 2.2. Theorem 2.2 improves Corollary 2.4 in [5] , Theorem 2.3 in [7] and Corollary 1 in [16] . Theorem 2.3. Suppose that there exist functions H ∈ H 0 and ρ ∈ C 1 (I, R + ). If for each t ≥ t 0 there exist a, b ∈ R such that T ≤ a < c and [7] and Corollary 2 in [16] .
Let
where λ ≥ α is a number. By Theorem 2.3, we have the following corollary.
Corollary 2.1. Suppose that for each T ≥ t 0 , there exist a, c such that T ≤ a < c and 16) where λ ≥ α. Then Eq.(1.1) is oscillatory.
where λ > α − 1 is a number.
Corollary 2.2. Let lim t→∞ R(t) = ∞. Assume that for each T ≥ t 0 and for some λ > α − 1 we have lim sup
and lim sup 
